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BACKGROUND OF THE INVENTION 

1 • Field of the Invention 

The present invention relates to a liquid crystal 
display device, and more particularly to a liquid crystal 
display device which is provided with a backlight on a rear 
surface of a liquid crystal panel, is light -weighted and can 
cope with the reduction in picture frame. 

2 . Description of the Related Art 

A liquid crystal display device has been widely used 
as a high-definition color display device for a notebook type 
computer or a computer monitor. Such a liquid crystal display 
device which enables the high definition color display for the 
notebook type computer or the computer monitor is provided with 
a light source which illuminates a liquid crystal panel from 
a rear surface thereof (so-called backlight). 

This type of liquid crystal display device is basically 
constituted of a so-called liquid crystal panel which inserts 
a liquid crystal layer between two sheets of substrates wherein 
at least one of the substrates is made of a transparent 
substrate such as a glass plate or the like. The liquid crystal 
display device is roughly classified into a system which 
performs turning on and off of given pixels by selectively 
applying voltages to respective electrodes for forming pixels 
which are formed on the above-mentioned substrate of the liquid 
crystal panel (simple matrix) and a system which forms the 




above-mentioned respective electrodes and active elements for 
selecting pixels and performs turning on and off of given pixels 
by selecting these active elements (active matrix) . 

As an active matrix type liquid crystal display device, 
5 a so-called vertical electric field type (for example, see 
Japanese Patent Laid-Open No. 309921/1988) which applies an 
electric field between pixel electrodes formed on one substrate 
and common electrodes formed on the other substrate for 
changing the orientation direction of a liquid crystal layer 
DlO and a so-called lateral electric field type (also referred to 
*y as IPS type) which makes the direction of an electric field 
□ applied to a liquid crystal layer arranged in the direction 
ffl approximately parallel to a surface of a substrate are known. 

ry 

3 As the liquid crystal display device of the lateral 

SSSX 

Ql5 electric field type, a liquid crystal display device which can 

=5= 5 
: s_s 

jp obtain an extremely wide viewing angle by using comb- teeth 

'ft 

electrodes on one of two sheets of substrates is known (see 
Japanese Patent Laid-Open No. 21907/1988, US Patent No. 
4345249) . 

20 In either one of the above-mentioned liquid crystal 

display device as an illumination source of the liquid crystal 
panel, there has been known a side-edge type backlight which 
is constituted of a light guide plate and linear lamp or a direct 
backlight which arranges a plurality of linear light sources 

25 such that they directly face a rear surface of the liquid 
crystal panel in an opposed manner. 
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Particularly, the backlight of side-edge type is 

constituted such that the linear lamp (usually cold- cathode 

fluorescent lamp CFL) is arranged along at least one side 

periphery of a transparent plate such as an acrylic plate or 

5 the like, light emitted from the linear lamp is introduced into 

the light guide plate and the path of the light is changed in 

the course of its propagation in the inside of the light guide 

plate so as to illuminate the liquid crystal panel disposed 

above the light guide plate from the rear surface of the panel. 

Q10 Further, recently, along with the popularization of 

J3 multimedia and mobile computing, the popularization of a 

□ notebook type personal computer or a handy terminal or the like 
00 

p having functions comparable with functions of a desktop type 
s ~ computer has been in progress. As a display device of such 

15 equipment, a screen device having a large screen of a size of 
14-15 inches has been currently commercialized in the notebook 
type personal computer. Further, in the personal computer of 
desktop type or the like, a monitor having a large screen of 
17-20 inches or more which uses a liquid crystal panel has been 
20 requested and they have been actually commercialized . Further , 
in the handy terminal, a liquid crystal display device of a 
reflection type is used in many cases. 

SUMMARY OF THE INVENTION 
25 For example, with respect to the notebook type personal 

computer or the like, to mount a liquid crystal display device 
having a panel size of nominal 14-15 inches on an upper side 
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housing (lid portion) , it is necessary to promote the reduction 
in picture frame to a limit such that the substantially a whole 



area that a lid has becomes an effective display region. 



To narrow the picture frame of the liquid crystal 



5 display device, it is necessary to make the length of the linear 



lamp (for example, cold- cathode ray tube) become substantially 



equal to the size of the side of the light guide plate. The 



linear lamp has electrodes at both ends thereof and there is 



no light emission from these electrodes and hence, a light 

PlO quantity emitted from the light guide plate to the liquid 

■J? 

J3 crystal panel is reduced in the vicinity of the electrodes 



O whereby the brightness is reduced. 
00 

OH Fig. 26 is a schematic plan view for explaining an 

s general structure of a conventional side-edge type backlight. 

Sil5 This side-edge type backlight (hereinafter simply referred 

rU 

to as "backlight") usually uses a light guide plate GLB which 

O 

£ is made of a transparent acrylic plate having a wedged cross 



section which reduces the thickness thereof as the distance 



becomes apart from a side (light incidence surface) of the light 



20 guide plate GLB along which a linear lamp LP is usually mounted 



(arranged) . 



This type of light guide plate GLB is provided with a 



so-called printing dots or an uneven granulated pattern for 



emitting light which is incident on the light guide plate GLB 



2 5 from the linear lamp LP and propagates in the inside of the 



light guide plate GLB. 
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However, due to the necessity to make the linear lamp 
short in view of achieving the reduction in picture frame, at 
corner portions of a side of an incidence surface of the light 
guide plate GLB which is indicated by C in Fig. 26, a light 
5 emitting quantity in the liquid crystal panel direction is 
decreased as shown by hatching in the drawing due to the 
presence of non-light emitting areas of portions of electrodes 
ELD of the linear lamp LP thereby giving rise to the brightness 
irregularity in a display plane of the liquid crystal panel. 
4{10 Conventionally, to solve the occurrence of such 

jO brightness irregularity, following techniques have been known. 

D That is, the covering area of the printing dots or the irregular 

m 

CP granulated pattern at the above-mentioned corner portion is 

111 

■a increased and a large number of V-shaped grooves are formed 

%J15 in the corner portion in parallel to the side of the light guide 

: 

4; plate (Japanese Patent Laid-Open No. 98383/2000). Further, 

U a large number of pyramidal protrusions are formed of 

longitudinal and lateral grooves which are formed in parallel 
to or perpendicular to the side of the light guide plate are 
20 formed in the corner portion so as to increase a light 

reflection quantity in the liquid crystal panel direction (see 
Japanese Patent Laid-Open No. 151924/1995). 

Further, as other means, with the use of sandblasting, 
a surface roughening treatment may be applied to a corner 
2 5 portion of a mold for the light guide plate or a stamper mounted 
on the mold. 
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Accordingly, it is an object of the invention to provide 
a liquid crystal display device which enables a high quality 
image display by effectively preventing the occurrence of 
display irregularity which may be brought about by the 
5 reduction of the picture frame of the liquid crystal display 
device . 

In a liquid crystal display device having the so-called 

side-edge type backlight system which comprises: a liquid 

crystal display panel having a pair of substrates between which 

5 10 a liquid crystal layer is interposed; a light guide plate being 

disposed opposite to a main surface of one of the pair of 

O substrates; and at least one linear lamp being disposed along 

DO 

one of sides of the light guide plate, the aforementioned 

2 objects can be achieved by forming a plurality of grooves at 

□ 

SI 15 a corner area on one of a pair of main surfaces of the light 

ry 

M guide plate (one of the pair of main surfaces being opposite 

M. to the main surface of one of the pair of substrates) along 

the one of sides of the light guide plate (along the linear 
lamp, in other words) so that the plurality of grooves are 
20 extended in a direction slanted to the one of the sides of the 
light guide plate (to a longitudinal direction of the linear 
lamp , in other words ) . The corner area is denoted as an area 
in a plane of the one of the pair of main surfaces of the light 
guide plate at which one side of the one of the pair of main 
25 surfaces along the linear lamp intersects with another side 
thereof (including a virtual extension thereof) and the 
vicinity of the area. If the tip portion of the corner area 
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is chamfered, both of virtual extensions (imaginary extensions, 
in other words) of the one side of the one of the pair of main 
surface of the light guide plate and the another thereof are 
regarded to intersect with one another the tip portion of the 
5 corner area . 

More in detail, the one of the pair of main surfaces 
of the light guide plate is surrounded by a plurality of edges 
thereof, and the corner portion is located at an end of one 
of the plurality edges along which the at least one linear lamp 
3 10 is disposed. The corner portions may be provided respectively 
*S at each of ends of the one of the plurality edges, also. In 

O this case, the plurality of grooves are formed at both of the 

m 

Qi corner portions. Furthermore, density of the plurality of 

ru 

^ grooves at an intermediate area located on the one of the pair 

SI 15 of the main surfaces of the light guide plate between the both 

fU 

ji corner areas thereof should be lower than those at the both 

lI corner areas thereof, and preferably, the plurality of grooves 

are not formed at the intermediate area. 



If both the one of the plurality of edges (extended along 
20 the aforementioned at least one linear lamp) surrounding the 
one of the pair of main surfaces and another of the plurality 
of edges extended in a transverse direction to the one of the 
plurality of edges extend along the corner area, the plurality 
of grooves should be formed so as to intersect with at least 
25 one of the one and the another of the plurality of edges. In 
this case, extension lengths of the plurality of grooves from 
intersecting points thereof with the at least one of the one 
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and the another of the plurality of edges of the one of the 
pair of main surfaces of the light guide plate should decrease 
as far as the intersecting points are spaced from a tip portion 
of the corner area. The plurality of grooves may also be formed 
5 so as to be divided into at least two groups in accordance with 
intersecting angle thereof with the one of the plurality of 
edges surrounding the one of the pair of main surfaces of the 
light guide plate (the one of the plurality of edges extended 
along the linear lamp) . 

10 On the other hand, the plurality of grooves may be 

extended radially from the one of the plurality of edges 
surrounding the one of the pair of main surfaces of the light 
guide plate and being extended along the linear lamp (the 
aforementioned at least one linear lamp) . The plurality of 

15 grooves may also be formed so as to be divided into at least 
two groups in accordance with locations of respective base 
points one of which each of the plurality of grooves is extended 
radially from. 

Furthermore, density of the plurality of grooves on the 

20 one of the pair of main surfaces of the light guide plate should 
decrease as far as intersecting points thereof with the at least 
one of the one of the plurality of edges surrounding the one 
of the pair of main surfaces and being extended along the linear 
lamp or another of the plurality edges are spaced from a tip 

25 portion of the corner area. 

Respective means for embodying the present invention 
will be exemplified as follows. 
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According to the first means of the invention to achieve 
the above-mentioned object, on a surface (incidence surface) 
of a corner portion of a side on which a linear lamp for a light 
guide plate is mounted, a light emission control pattern which 
5 is constituted of a plurality of grooves whose extensions have 
an inclination against the side on which the linear lamp is 
mounted (grooves extending in the direction which intersects 
the side at a given angle) is formed. 

This light emission control pattern can be formed by 
10 forming the grooves on the corner portion of the stamper which 
takes an symmetry in a plane at the incidence surface side using 
means such as cutting. 

Although V-shaped grooves are suitable as these grooves , 
i the shape of the grooves may be suitably changed into a U- 

^J15 shape or a semicircular trough groove or other shape which has 

p a light reflection function. 

5 

^ The above-mentioned light emission control pattern is 

used along with the light guide plate which is subjected to 
the conventional dot printing (printing dot pattern) or the 

20 roughening treatment (granulated pattern). Particularly in 
case of the granulated pattern, the granulated pattern and the 
light emission control pattern are formed on the stamper so 
that the grooves of the light emission control pattern can be 
formed simultaneous with the formation of the irregularity of 

25 granulated pattern. 

Then, by increasing the arrangement density of the 
grooves which constitute the light emission control pattern 
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at an end of the corner portion, a light reflection quantity 
at the end of the corner portion can be increased. 

Alternatively, by radially forming the grooves from the 
end of the corner portion, a light reflection quantity at the 
5 end of the corner portion can be increased. 

Further, by forming the grooves in parallel to each 
other, the arrangement density of the light emission control 
pattern can be controlled by controlling the extension length 
of individual grooves . 
—10 Further, the arrangement density of the light emission 

l J3 control pattern can be controlled by forming the grooves in 

P parallel to each other and making either one or both of the 

(T a arrangement pitch and the depth of individual grooves differ 

ru 

2 from each other. 

SI 15 Due to such constitutions, the distribution of light 

quantity emitted from the light guide plate can be made uniform 
so that the occurrence of the display irregularity in a plane 
of the liquid crystal panel can be suppressed. 

According to the second means of the invention to 
20 achieve the above-mentioned object, on a surface of a corner 
portion of a side on which a linear lamp for a light guide plate 
is mounted (incidence surface), a composite light emission 
control pattern which is made of a combination of a plurality 
of grooves whose extensions have an inclination to the side 
25 on which the linear lamp is mounted or which are formed in a 
fan shape expanding in the center direction of the light guide 
plate and fine dots is formed. 
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This composite light emission control pattern can be 
formed by forming grooves similar to those of the first means 
of the invention using means such as cutting on the corner 
portion of the stamper which takes a symmetry in the plane at 
the incidence surface side, and further forming the fine dots 
on the surface of the region where the grooves are formed. 

However, the composite light emission control pattern can be 
realized by performing the surface roughening treatment on the 
surface of the groove formed region using sandblasting or a 
J 10 sand paper after forming the grooves. 

The composite light emission control pattern is used 
along with the light guide plate which is subjected to the dot 
W printing (printing dot pattern) or irregularity (granulated 

I ™ 

5 pattern) treatment which has been known conventionally. 

SI 15 The arrangement density of the above-mentioned grooves 

=53 s 

\ y 

4S which constitute the composite light emission control pattern 

y[ and the distribution pattern of fine dots are provided along 

with the display irregularity on the surface of the light guide 
plate and the control is performed such that a light emission 
20 quantity of the surface of the light guide plate can be 

increased at the portion where the brightness is insufficient 
and the light emission quantity is decreased at the portion 
where the brightness is excessively high. Here, the 
arrangement density of the grooves and the arrangement of the 
25 fine dots have the wholes thereof or portions thereof 

overlapped with each other to achieve a desired brightness 
control . 
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Due to such a constitution, the distribution of the 
light quantity emitted from the light guide plate can be made 
more uniform so that the occurrence of the display irregularity 
in a plane of the liquid crystal panel can be suppressed. 
5 The invention is not limited to the above-mentioned 

constitutions and the constitution of embodiments which will 
be explained hereinafter and various modifications can be made 
without departing from the technical concept of the invention. 

These and other object, features and advantages of the 
4fl0 invention will become more apparent from the following 
~ description when taken in conjunction with the accompanying 

5 drawings . 

Cu 

01 

BRIEF DESCRIPTION OF THE DRAWINGS 

a 

SI 15 Fig. 1 is a plan view of a backlight for schematically 

fy 

explaining a first embodiment of a liquid crystal display 

3 

device according to the invention; 

Fig. 2 is an enlarged view of a corner portion of a light 

guide plate in Fig. 1; 
20 Fig. 3 is a side view of the backlight of the first 

embodiment of the invention and is a view as seen from the 

direction of an arrow A of Fig. 2; 

Fig. 4 is a side view of the backlight of a second 

embodiment of the invention and is a view as seen from the 
25 direction of an arrow A of Fig. 2 in the same manner as Fig. 

3; 
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Fig. 5 is a plan view of a corner portion of a light 



guide plate which constitutes a backlight for explaining a 



third embodiment of the invention; 



Fig. 6 is a plan view of a corner portion of a light 



5 guide plate which constitutes a backlight for explaining a 



fourth embodiment of the invention; 



Fig. 7A to Fig. 7C are plan views of a corner portion 



of a light guide plate as one modification based on the third 



embodiment or the fourth embodiment of the invention, wherein 

PlO Fig. 7A shows a pattern in which a plurality of grooves are 

y3 radially formed inside a surface of the light guide plate from 

□ a virtual center which is disposed outside the light guide plate , 

■09 

yl Fig. 7B shows a pattern in which two kinds of plural grooves 

ry 

s which differ in the depth from the end of the light guide plate 

O 

SJ15 are radially formed inside a surface of the light guide plate, 

ry 

jE and Fig. 7C shows a pattern in which two kinds of plural grooves 



which differ in depth are radially formed inside a surface of 



the light guide plate from two respective virtual centers which 



are disposed outside the light guide plate; 



20 Fig. 8A and Fig. 8B are plan views of the corner portion 



of the light guide plate as another modification based on the 



third embodiment or the fourth embodiment of the invention. 



wherein Fig. 8A shows a pattern in which two kinds of grooves 



THR1, THR2 are slanted in the same direction to a side of the 



25 light guide plate (both grooves being slanted upwardly in the 
leftward direction to a lower side shown in the drawing) and 



Fig. 8B shows a pattern in which two kinds of grooves THR1, 
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THR2 are slanted in the different directions (the grooves THR1 
being slanted upwardly in the leftward direction and the 
grooves THR2 being slanted upwardly in the lightward direction 
to the lower side shown in the drawing) ; 
5 Fig. 9 is an explanatory view of a three dimensional 

coordinates system for defining a solid angle which predicts 
the arrival strength of an incident light to a light guide plate 
for explaining the second means for solving the task of the 
invention; 

QlO Fig. 10 is an explanatory view which sums up a result 

y3 

£ 3 which is obtained by analyzing the relationship among an 

0 expansion angle between an air layer and a light guide plate, 

01 a wedged cross -sectional angle and a planar angle to a rotation 

ry 

s angle in the coordinates system of Fig. 9 in a table; 

O 

SJ15 Fig. 11 is an explanatory view showing the result of 

fU 

jC analysis in Fig. 10, wherein a solid angle at the expansion 

3 

^ angle §=60 inside an air layer- the light guide plate (acrylic 

layer) is shown as a graph; 

Fig. 12 is a schematic view for explaining the progress 
20 of light of equi- transmissivity which is incident on the light 
guide plate (acrylic layer) from the air layer on the wedged 
cross section; 

Fig. 13 is a schematic view for explaining the progress 
of light of equi -transmissivity which is incident on the light 
25 guide plate (acrylic layer) from the air layer on a plane; 

Fig. 14A an Fig. 14B are explanatory views for showing 
the distribution of light of equi- intensity which is emitted 
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from one point of a linear lamp and progresses inside the light 
guide plate, wherein Fig. 14A shows the distribution in the 
cross -section of the light guide plate and Fig. 14B shows the 
distribution in the plane of the light guide plate; 
5 Fig. 15A and Fig. 15B are schematic views for explaining 

the progress of light which is emitted from a plurality of 
points of the linear lamp and an incident on the light guide 
plate, wherein Fig. 15A shows the progress of the light in the 
cross section of the light guide plate and Fig. 15B shows the 
Sio progress of the light in the plane of the light guide plate; 
J3 Fig. 16 is an explanatory view of a region in the corner 

P portion of the light guide plate which requires the correction; 

m 

CP Fig. 17 is a schematic view showing the relationship 

: 5 : 

3 between the brightness correction effected by parallel grooves 

a 

SJ15 and the region shown in Fig. 16 which requires the correction; 

-fy 

^ Fig. 18 is a plan view of the corner portion of the light 

guide plate which constitutes a backlight for explaining the 
fifth embodiment of the invention; 

Fig. 19 is a plan view of the corner portion of the light 
20 guide plate which constitutes a backlight for explaining the 
sixth embodiment of the invention; 

Fig. 20 is a plan view of the corner portion of the light 
guide plate which constitutes a backlight for explaining the 
seventh embodiment of the invention; 
25 Fig. 21 is a plan view of the corner portion of the light 

guide plate which constitutes a backlight for explaining a 
modification of the seventh embodiment of the invention; 
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Fig. 22 is a developed perspective view for explaining 
an entire constitutional example of a liquid crystal display 
device according to the invention; 

Fig. 23 is a cross-sectional view of an essential part 
for explaining a backlight mounting structure of the liquid 
crystal display device according to the invention; 

Fig. 24 is an appearance view showing an example of a 
notebook type personal computer on which the liquid crystal 
display device according to the invention is mounted; 

Fig. 25 is an appearance view showing an example of a 
desktop type monitor on which the liquid crystal display device 
according to the invention is mounted; and 

Fig. 26A and Fig. 26B are schematic views for explaining 
the general structure of a conventional side edge type 
backlight, wherein Fig. 26A is a cross -sectional view thereof 
and Fig. 26B is a plan view thereof. 

DETAILED DESCRIPTION 

Embodiments of the invention are explained hereinafter. 
First of all, the invention is explained in detail in reference 
to an embodiment of first means to solve tasks of the invention. 

Fig. 1 is a plan view of a backlight for schematically 
explaining a first embodiment of a liquid crystal display 
device according to the invention. This backlight includes 
a light guide plate GLB and a linear lamp (a fluorescent lamp, 
a cold- cathode ray tube, for example) which is disposed along 
an incidence plane which is formed on one side of the light 
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guide plate GLB. Tabs SST which are engaged with a mold case 
not shown in the drawing at the time of assembling the liquid 
crystal display device as a module so as to suppress the 
movement of the light guide plate GLB are formed on both sides 
5 of the light guide plate GLB. 

That is, the light guide plate GLB is formed of a 
substantially rectangular- shaped acrylic plate and the linear 
lamp LP is disposed along the lower side in Fig. 1, that is, 
the incidence plane of the light guide plate GLB. The light 
10 guide plate GLB has a wedged cross section which gradually 
decreases the thickness toward an opposite side which is 
parallel to the lower side along which the linear lamp LP is 



y* disposed (linear-lamp-disposed side). The substantially 

ru 

a rectangular light guide plate is defined such that the term 

O 

S|15 includes not only a light guide plate which forms a main surface 

p= i 

JS of the light guide plate facing a liquid crystal display panel 

Ljl in an opposed manner in a rectangular shape or a square shape 

but also a light guide plate whose corner portions (portions 

where sides constituting the main surface intersect each other) 
20 are subjected to the beveling treatment such as a light guide 

plate having an octagonal main surface in a strict sense, for 

example . 

As shown in Fig. 1, the tabs SST have inclined surfaces 
on the engaging sides which are directed to the linear lamp 
25 LP. By engaging these tabs SST with recessed portions of a 
mold case not shown in the drawing at positions corresponding 
to the tabs SST, the light guide plate GLB is prevented from 
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moving toward the linear lamp LP side. This is because that 
unless these engaging protrusions are formed, when an impact 
is applied to the liquid crystal display device from outside, 
the light guide plate GLB impinges on the linear lamp LP and 
5 may rapture the linear lamp LP. 

Further, although the linear lamp LP side of the tabs 
SST may have a shape which erects at a right angle from the 
light guide plate body, the engaging side of the tabs SST 
directed toward the linear lamp LP are formed in an inclined 
OlO surface to increase the impact resistance of the the light guide 
J5 plate GLB thus preventing the occurrence of the cracks in the 

L-£. 

p light guide plate due to the impact applied thereto. 

59 

01 On surfaces of both ends of the side along which the 

a linear lamp LP is disposed, that is, on the surfaces of corner 

SJ 15 portions which constitute brightness correction regions HR, 

ru 

a plurality of grooves THR which have an extension direction 
n thereof slanted in the direction toward a center portion of 

the light guide plate to the side along which the linear lamp 
LP is disposed (hereinafter, these grooves referred to as a 

20 light emission control pattern for the convenience sake) are 
formed. In other words, a plurality of these grooves are 
extended in the direction which makes a given angle to the side 
of the main surface of the light guide plate which extends along 
the linear lamp LP or the longitudinal direction (extending 

25 direction) of the linear lamp LP. These grooves may be formed 
of V-shaped grooves, flat-bottomed grooves, curved grooves or 
other grooves having a suitable shape. 
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The above-mentioned light emission control pattern THR 
is formed of a combination of a large number of grooves which 
differ in length. The light emission control pattern THR is 
formed such that the density of the brightness correction 
region HR is increased at ends of the corner portions. The 
grooves to be combined are not limited to one kind. 

Fig. 2 is an enlarged view of the corner portion of 
the light guide plate in Fig. 1. In the drawing, for achieving 
the reduction in picture frame, the linear lamp LP, size of 
J 10 which is equal to or slightly longer than the size of the side 
of the light guide plate GLB along the linear lamp LP being 

p disposed thereby is used. Here, AR indicates a display area 

3? 

01 (effective area) of the liquid crystal panel. 

==3 S 

% 

3 The linear lamp LP is provided with electrodes ELD at 

SI 15 both ends thereof and end portions of the electrodes ELD are 
covered with rubber bushings GB. Although power supply lines 
are pulled out from these portions, they are omitted from the 
drawing . 

As shown in the drawing, the effective light emission 
20 region EL of the linear lamp LP having such a constitution is 
disposed inside the corner portions of the light guide plate 
GLB and a non- light emission region NL is disposed outside the 
effective light emission region EL (between the effective light 
emission region EL and the end periphery of the light guide 
25 plate GLB) . 

Accordingly, the light quantity which is incident on 
the corner portions of the light guide plate GLB is decreased 
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and hence, the brightness of the corresponding corner portions 
of the liquid crystal panel becomes lowered thus giving rise 
to the brightness irregularity. 

The light emission control pattern THR which is formed 
at the corner portion of the light guide plate GLB is formed 
in a substantially triangular region (brightness correction 
region) having the length x taken along the side along which 
the linear lamp LP is disposed (the side of the light incidence 
surface) and the length y taken along the neighboring side which 
is perpendicular to the light incidence surface. 

Here, the length x is taken such that the length x extends 
from the non-light emission region NL to the effective light 
emission region EL of the linear lamp LP by d. The brightness 
correction region HR is formed by overlapping the first light 
emission control pattern THR1 which is constituted of long 
grooves and the second light emission control pattern THR 2 
which is constituted of short grooves at the end of the 
corresponding corner portion. An angle made by these grooves 
and the side along which the linear lamp LP is disposed 
(hereinafter referred to as an extension angle) is expressed 
by 0. Accordingly, in the brightness correction region HR, 
the pattern density of the brightness correction region becomes 
high at the end of the corresponding corner portion. 

To shown an example of the sizes of the above mentioned 
x, y, 6 and the size of the non- light emission region NL at 
the left and right corner portions as measured toward the screen 
of the backlight, they are as follows. That is, they are 
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x : 14mm, y : 28mm, 6 : 25°, NL : 5.3mm at the left of the 
screen, and 

x : 8 mm, y : 23 mm, 9 : 20°, NL : 5.4 mm at the right of the 

screen. 

5 As described above, the size x of the brightness 

correction region HR is higher than the non- light emission 
region NL of the linear lamp LP which faces the light guide 
plate GLB. The size y is changed corresponding to the shape 
(thickness, inclination angle of wedged cross section, draft) 
=:10 of the light guide plate GLB and the positional relationship 
of the linear lamp LP relative to the light incidence surface. 

I a 
§=™ 

O This draft means an inclination which is provided to a work 

80 

9 1 piece (light guide plate, for example) for facilitating the 

s removal of the work piece from a mold after the work piece is 

SI 15 formed using the mold. In the light guide plate, this inclined 
Jc surface may be also defined as an angle of the light incidence 

1^ surface to the surface on which the above-mentioned brightness 

correction area is formed ( surface which faces the linear lamp ) . 
After all, the whole size, the arrangement density and the 
20 arrangement distribution of the brightness correction region 
HR may be chosen such that the symmetry in appearance can be 
obtained on the screen of the liquid crystal panel. 

Fig. 3 is a side view of the backlight of the first 
embodiment of the invention and is a view as seen from the 
25 direction of an arrow A in Fig. 2. The light guide plate GLB 
which constitutes the backlight of the embodiment has a wedged 
cross section and an inclination angle of the wedged cross 
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section is expressed as a. Printed dots DOT are provided to 
a rear surface (a surface opposite to the surface which faces 
the liquid crystal panel in an opposed manner) and the bright 
correction region which is formed on the corner portion of the 
5 light guide plate GLB is constituted of the light emission 
control pattern THR which is made of grooves which are explained 
in conjunction with Fig. 2. The grooves which constitute the 
light emission control pattern THR are formed by protruding 
them from the rear surface of the light guide plate GLB. 
OlO According to this embodiment, the distribution of light 

^ quantity emitted from the light guide plate can be made uniform 

□ so that the occurrence of the brightness irregularity in a plane 

33 

01 (display irregularity) of the liquid crystal panel which is 

1 %? 

3 caused by the reduction in picture frame can be suppressed. 

a 

SJ 15 Fig. 4 is a side view of the backlight of the second 

\ ==? 

^ embodiment of the invention and corresponds to a view as seen 

2 from the direction of an arrow A in Fig. 2 as in the case of 
Fig. 3. The light guide plate GLB which constitutes the 
backlight of the embodiment also has a wedged cross section 

20 provided with an inclination angle a. 

In this embodiment, granulation SBD formed by a stamper 
is provided to the rear surface of the light guide plate GLB. 

The planar shape of the brightness correction region HR formed 
at the corner portion of the light guide plate GLB is the light 
25 emission control pattern THR which is constituted of the 

grooves explained in conjunction with Fig. 2 . However, in this 
embodiment, the grooves which constitute the light emission 



22 




control pattern THR are provided by forming recesses in the 
rear surfaces of the light guide plate GLB so that the grooves 
which constitute the granulation SBD and the grooves which 
constitute the light emission control pattern THR can be formed 
5 simultaneously. 

According to this embodiment also, the distribution of 
light quantity emitted from the light guide plate can be made 
uniform so that the occurrence of the brightness irregularity 
in a plane (display irregularity) of the liquid crystal panel 

PlO which is caused by the reduction in picture frame can be 

'43 suppressed. 

□ Fig. 5 is a plan view of a corner portion of a light 

09 

p guide plate which constitutes a backlight for explaining the 

ru 

s third embodiment of the invention. In this embodiment, a light 

S|15 emission control pattern THR which is constituted of grooves 

? forming a brightness correction region HR provided to the 

□ 

r7 corner portion of a light guide plate GLB is formed radially 

toward a center region of the light guide plate GLB from an 
end of the corner portion. 

20 Due to such a constitution, the brightness correction 

region HR exhibits the arrangement density which is high at 
the end of the corner portion and gradually becomes low toward 
the center region of the light guide plate GLB. Here, by 
combining the radially extending grooves which constitute the 

25 light emission control pattern THR while changing the lengths 
of these grooves, for example, by arranging one or a plurality 
of short grooves between one or a plurality of long grooves , 



23 




the arrangement density can be arbitrarily adjusted. 

According to this embodiment also, the distribution of 
light quantity emitted from the light guide plate can be made 
uniform so that the occurrence of the brightness irregularity 
5 in a plane (display irregularity) of the liquid crystal panel 
which is caused by the reduction in picture frame can be 
suppressed* 

Fig. 6 is a plan view of a corner portion of a light 
guide plate which constitutes a backlight for explaining the 
QlO fourth embodiment of the invention. In this embodiment, 
;J3 grooves which constitute a light emission control pattern THR 

□ which forms a bright correction region HR provided to a corner 

m 

31 portion of a light guide plate are extended radially toward 
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a center region of the light guide plate GLB from an end of 



SJ15 the corner portion. Accordingly, a plurality of grooves THR 

ru 

^ which are formed on a main surface of the light guide plate 

□ 

2 GLB appears in a (folding) fan shape which is expanded in the 
main surface of the light guide plate using an end of the corner 
portion on the main surface of the light guide plate as a pivot 
20 of the fan (as "Ohgi", Japanese Folding Fan). Such a pattern 
which is constituted of a plurality of these grooves is 
hereinafter referred to as a fan- shaped light emission control 
pattern. 

Due to such a constitution, it becomes possible to 
25 provide the arrangement density of the brightness correction 
region which is high at the end of the corner portion and 
gradually becomes low toward the center region of the light 
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guide plate GLB and the arrangement density can be adjusted 
by changing the shape of the fan. 

Further, here, when the fan- shaped brightness 
correction region is formed as a whole by combining the radially 
5 extending grooves which constitute the light emission control 
pattern THR while changing the lengths of the grooves , the 
arrangement density can be arbitrarily adjusted by arranging 
one or a plurality of short grooves between one or a plurality 
of long grooves . 

OlO According to this embodiment also, the distribution of 

C light quantity emitted from the light guide plate can be made 

□ uniform so that the occurrence of the brightness irregularity 
(j\ in a plane (display irregularity) of the liquid crystal panel 

s which is caused by the reduction in picture frame can be 

%A 1 5 suppres sed . 

jg Subsequently, other constitutional examples of the 

jll liquid crystal display device of the invention are explained 

in conjunction with Fig. 7A to Fig. 8B. 

Fig. 7A to Fig. 7C are plan views showing corner portions 
20 of light guide plates as modifications based on the third 
embodiment or the fourth embodiment of the invention. Fig. 
7A shows the modification of the brightness correction region 
HR formed on the upper surface of the light guide plate GLB 
shown in Fig. 6 and is formed of the fan -shaped light emission 
25 control pattern THR constituted of a plurality of grooves which 
are formed such that the grooves radially extend from an end 
of a corner portion formed on an upper surface of a light guide 
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plate GLB in the same manner as Fig. 6. 

However, in Fig, 7A, the center CEN (the converging 
point or the intersecting point, or the pivot of a fan in 
metaphor) of a fan- shape of the light emission control pattern 
5 THR consisting of a plurality of grooves is positioned outside 
an end of the corner portion of the light guide plate GLB. 

The above-mentioned center CEN of the fan- shape is 
determined as an intersecting point of at least two virtual 
extensions EX-TER (indicated by a dotted line in the drawing) 
10 which are formed by extending a plurality of grooves which 
constitute the fan- shape toward the outside of the corner 
portion of the light guide plate GLB. 

Compared to the constitution of Fig. 6 in which the 

s center CEN of the fan- shape is positioned at the end of the 

□ 

SJ15 light guide plate GLB, according to the constitution of Fig. 

TU 

£ 7A, it becomes possible to make the distance between grooves 

□ 

^ narrow at the end of the light guide plate GLB without making 

a plurality of grooves interfere with each other. 

As other means for narrowing the distance between 
20 grooves at the end of the corner portion on the upper surface 
of the light guide plate GLB, a light emission control pattern 
THR made of grooves differing in depth may be formed in the 
vicinity of the end of the corner portion of the light guide 
plate GLB. 

- 25 Fig. 7B shows a brightness control region in which a 

first light emission control pattern THR1 which arranges a 
plurality of grooves having a first depth in a fan-shape using 



26 



• # 

the end of the corner portion of the light guide plate GLB as 
a center and a second light emission control pattern THR2 which 
arranges a plurality of grooves having a second depth which 
is shallower than the first depth in a fan-shape using the end 
5 of the corner portion of the light guide plate GLB as a center 
are formed together. 

Although it is desirable to make the grooves of the light 
emission control pattern THR which constitutes the brightness 
correction region deep to achieve the object of the invention, 
5 10 the provision of the deep grooves in a fan-shape is liable to 

generate the interference between the grooves and hence, 
O particularly, the number of grooves which can be formed in the 

5 1 vicinity of the end of the corner portion of the light guide 

3_ plate GLB is restricted. 

Q 

SI 15 However, the provision of the light emission control 

ru 

JS pattern which forms the deep grooves and the shallow grooves 

yL in combination is preferable as means for giving a 

complementary brightness correction function in a region where 
it is difficult to form a plurality of deep grooves. 
20 The constitution shown in Fig. 7B can perform the more 

effective brightness correction by applying the constitution 
to the shapes of the light emission control patterns of the 
brightness correction regions which are explained in 
conjunction with Fig. 5 and Fig. 6. Further, although the 
25 grooves which constitute the second light emission control 
pattern THR 2 are shown in a dashed line in Fig. 7B, the actual 
grooves may be formed continuously or intermittently. Further, 
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the shapes of a plurality of grooves which constitute the first 
light emission control pattern THR1 can be formed in the same 
manner as the second light emission control pattern THR2 . 

Fig. 7C shows a constitution which combines the features 
of the light emission control patterns which have been 
respectively explained in conjunction with Fig. 7A and Fig. 
7B. That is, a plurality of grooves which constitute a first 
light emission control pattern THR1 in Fig. 7C are formed such 
that they intersect at an intersecting point CEN1 where 
respective extensions EX-THR1 thereof virtually extend toward 
the outside of a corner portion of a light guide plate GLB, 
while a plurality of grooves which constitute a second light 
emission control pattern THR2 in Fig. 7C are formed such that 
they intersect at an intersecting point CEN2 where respective 
extensions EX-THR2 thereof virtually extend toward the outside 
of the corner portion of the light guide plate GLB. 

Although the respective grooves are formed such that 
the intersecting point CEN1 of the grooves of the first light 
emission control pattern THR1 and the intersecting point CEN2 
of the grooves of the second light emission control pattern 
THR2 are respectively positioned outside the light guide plate 
GLB in Fig. 7C, the intersecting point of grooves of either 
one of the first light emission control pattern THR1 and the 
second light emission control pattern THR2 which form these 
brightness correction regions may be formed at the end of the 
corner portion of the light guide plate GLB or on the upper 
surface of the light guide plate GLB (in the inside of the corner 
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portion of the light guide plate from the end of the corner 
portion) . 

In Fig. 7C, since two kinds of grooves which have the 
different intersecting points are formed on the upper surface 
of the light guide plate GLB, two kinds of grooves intersect 
each other at the corner portion of the light guide plate GLB. 

However, the grooves can be formed at a high density at the 
corner portion on the upper surface of the light guide plate 
GLB in Fig. 7C and hence, the brightness correction region 
having the distribution which exhibits the high arrangement 
density at the end of the corner portion and the arrangement 
density which gradually decreases toward the center region of 
the light guide plate GLB can be formed. Accordingly, the 
distribution of light quantity emitted from the light guide 
plate can be made uniform so that the occurrence of brightness 
irregularity in a display plane (display irregularity) which 
is caused by the reduction of the picture frame can be 
suppressed. 

Fig. 8A and Fig. 8B are plan views showing corner 
portions of light guide plates as other modifications based 
on the third and the fourth embodiment of the invention. These 
constitutions form, as other modifications which form light 
emission control patterns differing in kinds of grooves, 
brightness control regions each of which includes a first light 
emission control pattern THR1 which arranges a plurality of 
grooves making a first extension angle a to one side of the 
light guide plate GLB and a second light emission control 
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pattern THR2 which arranges a plurality of grooves making a 
second extension angle P to one side of the light guide plate 
GLB which is different from the first extension angle a. 

The constitution shown in Fig. 8A is comprised of the 
5 grooves which constitute the first light emission control 
pattern THR1 and have the first extension angle a which is an 
intersecting angle between the grooves and the side along which 
the linear lamp LP is disposed, and the grooves which constitute 
the second light emission control pattern THR2 and have the 
OlO second extension angle P which is an intersecting angle between 
C 3 the grooves and the side along which the linear lamp LP is 

□ disposed. This extension angle P is set to 0°^p^90°, preferably 

m 

Safe? 

On an acute angle (o°<p<90°) in the clockwise direction to the 

I y 

s side along which the linear lamp LP is disposed and is an angle 

SJ15 which intersects the grooves of the first light emission 

Le control pattern THR1. 

5 

Ll The constitution shown in Fig. 8B is comprised of the 

grooves which constitute the first light emission control 
pattern THR1 and have the first extension angle a which is an 

20 intersecting angle between the grooves and the side along which 
the linear lamp LP is disposed, and the grooves which constitute 
the second light emission control pattern THR2 and have the 
second extension angle P' which is an intersecting angle 
between the grooves and the side along which the linear lamp 

25 LP is disposed. This extension angle p'is set to 90°«sp ' 2*180° , 
preferably an obtuse angle (90°<p ' <180°) in the clockwise 
direction to the side along which the linear lamp LP is disposed 
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and is an angle which intersects the grooves of the first light 
emission control pattern THR1. 

Here, the first extension angle a in the above-mentioned 
Fig. 8A and Fig. 8B is set to 0°2sa<;90 o , preferably 0°<a<90°in 
5 the clockwise direction to the side along which the linear lamp 
LP is arranged and is an angle which intersects the grooves 
of the second light emission control pattern THR2 . 

In the above-mentioned constitutions shown in Fig. 8A 
and Fig. 8B, with respect to the first extension angle a and 
□ 10 the second extension angle |3 or |3 ' , by setting one of these 
d angles to an acute angle and the other angle to an obtuse angle, 

P an uneven pattern which has a high arrangement density in the 

m vicinity of the end of the corner portion of the light guide 

ru 

3 plate GLB can be formed. 

O 

^jl5 The grooves which constitute the first light emission 



control pattern THR1 and the grooves which constitute the 
second light emission control pattern THR2 form an overlapped 
region by intersecting each other at the end side of the corner 
portion of the light guide plate GLB. As a result, on the upper 
20 surface of the corner portion of the light guide plate GLB, 
an uneven pattern which appears to be a pattern formed by a 
so-called knurling can be formed. 

The lateral size (the length along the side along which 
the linear lamp is disposed) and the longitudinal size of the 
25 light guide plate GLB in the above-mentioned respective 

embodiments are set to 288.1 mm and the 217.3 mm respectively, 
for example. Further, the thickness of a light incidence plane 
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which constitutes the side along which the linear lamp is 
disposed is set to 2.2 mm, for example, while the thickness 
of the side which is opposite to the light incidence plane is 
set to 0.6 mm, for example. By adhering end surface tapes 
5 having a thickness of 0.15 mm, for example, to the lateral sides 
(sides on which the tabs SST are formed) of the light guide 
plate GLB, the light which propagates in the inside of the light 
guide plate GLB can be effectively utilized. 

Subsequently, embodiments of the second means for 
QlO solving the task of the invention which can make the brightness 
h0 irregularity in the corner portion of the light guide plate 

□ more uniform by developing the constitution of the above - 
g\ mentioned light emission control pattern is explained in detail 
hereinafter . 

15 Fig. 9 is an explanatory view of a three dimensional 

coordinates system for defining a solid angle which predicts 
the arrival strength of an incident light to a light guide plate 
for explaining the second means for solving the task of the 
invention. In the coordinates system shown in Fig. 9, an x 
20 axis, a y axis and a z axis respectively indicate the lateral 
direction, the longitudinal direction and the thickness 
direction of the light guide plate (explained as an acrylic 
plate hereinafter) . 

When a single light source (a spot light source) is 
25 placed on an origin 0 of this coordinates, the light which is 
emitted from the single light source along a vector F can be 
expressed by two angles, that is, an angle (an expansion angle 
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(|>) to the y axis and an angle (rotation angle (|>xz) which a plane 
which passes the y axis and includes the progressing direction 
of the light (indicated as a parallelogram OCFE which is drawn 
with hatching in Fig. 9) makes to the x axis. In Fig. 9, 
5 assuming the expansion angle <|> in the progressing 

direction of the light as 

<1> = Z.FOC (0 o ^90°) 

the rotation angle <|)xz to an xy plane as 
c|)xz = ^EOA (0°2S<|>xz<;360 o ) 
QLO the vertical angular component 4>yz to the xy plane as 

y3 4>yz = ZGOC (wedged cross -sectional angle) 

the angular component <|)xy to the xy plane as 
<()xy = Z_BOC (planar angle) 
OA = OE • cos (J)xz = OF ■ sin <|> • cos (|>xz 
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%|15 OC = OF • cos (|> 

m 

jE tan (()xy = OA/OC = sin <|> ■ cos <|>xz /cos <J> = tan <|> • cos (j>xz 



.\<J)xy = tan _1 (tan(J> - cos (|>xz) 
OD = OE * sin <t>xz = OF ■ sin (|> • sin <|)xz 
OC = OF • cos (|> 

20 tan (|>yz = OD/OC = sin $ • sin (|)xz/ cos <|) = tan (|> * sin ((>xz 

.\(|)yz = tan -1 (tan (|> ■ sin (|>xz) 
Although the expansion angle determines the 
transmissivity and the refractive index at the time of 
incidence to the light guide plate, the rotation angle is common 
25 between the air layer and the light guide plate. Accordingly, 
the equi-intensity distribution of light which progresses in 
the inside of the light guide plate extremely resembles a 
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two -stage conical shape which has a single light source at a 
peak point and changes a peak angle at a boundary surface 
between the air layer and the light guide plate. 

Fig. 10 is an explanatory view which sums up a result 
5 obtained by analyzing the relationship among the expansion 
angle between an air layer and a light guide plate, a wedged 
cross-sectional angle and a planar angle to a rotation angle 
in the coordinates system of Fig. 9 in a table. In the drawing, 
the light guide plate is shown as an acrylic layer and an angle 
O10 of the acrylic layer is affixed with 

-fl Fig. 11 is an explanatory view showing the result of 

□ analysis in Fig. 10, wherein the relationship (solid angle) 
Dpi among the wedged cross -sectional angle (|>yz , the planar angle<|>xy 
=T and the rotation angle <|)xz at the expansion angle<|)=60 o in the 
15 inside of the air layer - the acrylic layer is shown as a graph. 
In the drawing, the wedged cross -sectional angle (°) and the 
planar angle (°) at the air layer and the acrylic layer are 
taken on the ordinate and the rotation angle (°) is taken on 
the abscissa. 

20 Based on the above-mentioned analysis, the equi- 

intensity (equi-transmissivity ) of the light at the acrylic 
layer which is incident on the light guide plate (acrylic layer) 
from the air layer is explained. 

Fig. 12 is a schematic view for explaining the progress 
25 of light of equi-transmissivity on the wedged cross section 
which is incident on the light guide plate (acrylic layer) from 
the air layer. Further, Fig. 13 is a schematic view for 
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explaining the progress of the light of equi- transmissivity 
on the plane which is incident on the light guide plate (acrylic 
layer) from the air layer. Same symbols used in Fig. 12 and 
Fig. 13 indicate the identical progress directions of lights. 
5 It can be understood from Fig. 12 and Fig. 13 that the 

greater the light expands in the plane, the expansion of the 
light on the wedged cross section becomes lower. 

Fig. 14A an Fig. 14B are explanatory views for showing 
the distribution of light of equi-intensity which is emitted 
□lO from one point of a linear lamp and progresses in the inside 
J3 of the light guide plate, wherein Fig. 14A is a schematic 
□ cross-sectional view of the light guide plate and Fig. 14B is 
gi a schematic plan view of the light guide plate. Same symbols 
used in these drawings indicate the identical progress 
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SJ15 directions of lights. 

m 

j« As mentioned previously, since the equi-intensity 

2 distribution of light is similar to the two- staged cone, the 
equi-intensity distribution on the plane corresponds to a 
peripheral portion of the cross -sectional shape on a pattern 
20 surface of the cone, wherein it is considered that the intensity 
is liable to be increased at a region sandwiched by curves and 
is liable to be weakened outside the region. 

Fig. 15A and Fig. 15B are schematic views for explaining 
the progress of lights which are emitted from a plurality of 
25 points of the linear lamp and a incident on the light guide 
plate and show the corner portion of the light guide plate. 
With respect to these drawings. Fig. 15A is a schematic cross - 
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sectional view of the light guide plate and Fig. 15B is a 
schematic plan view of the light guide plate, 

A region 1 indicates an incidence surface side disposed 
in an effective light emission region EL of a linear lamp LP, 
5 a region 2 is a dark portion at a corner portion of a light 
guide plate GLB which includes a problem, a region 3 is an 
originally bright (highly luminous) region due to light 
incident from the effective light emission region EL of the 
linear lamp LP, a region 4 is a region which promotes the 
Q.0 brightness by reflection on a side surface (a mirror surface) 
=0 of the light guide plate GLB, and a region 5 is a region which 

f=ESS 

p decreases the brightness by reflection on a side surface 

On (mirror surface) of the light guide plate GLB. 

Rj 

s Here, although there is no distinct difference between 

35BS, 

\JL5 brightness of respective regions, the difference is within a 
j£ range that can be visually sensed and these regional portions 

s 

Q 

^ are indicated by arrows . 

In Fig. 15A and Fig. 15B, with respect to the region 
2 which constitutes the dark portion of the corner portion of 

20 the light guide plate GLB where the lack of the brightness 
becomes a problem, since end portions (non-light emission 
regions) of ends of the linear lamp LP are within the length 
of the side which faces the light guide plate GLB in an opposed 
manner and hence, only a slight amount of light is incident 

25 on the dark portions. On the other hand, since the light 

emitted from a plurality of points of the linear lamp reach 
the region 1 within the length of the side which faces the 
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effective light emission region of the linear lamp LP, the 
region 1 becomes bright. As a result, the darkness of the 
region 2 is promoted. 

At a position slightly away from the incidence surface 
5 of the light guide plate GLB, among lights which are incident 
on the incidence surface of the light guide plate GLB, the light 
which progresses toward the lateral side surfaces of the light 
guide plate GLB returns toward a center portion of the light 
guide plate GLB by a total reflection on the corresponding 
ClO lateral side surfaces. 

m3 Accordingly, it is considered that the region 3 disposed 

O in the inside of the originally bright effective light emission 

Qfi region of the linear lamp LP complements the region 4 with light 

Hi 

5 by the total reflection on the lateral side surfaces so that 

\jl5 the lowering of the brightness of the slightly dark region 5 

\ y 

is promoted. 

Fig. 16 is an explanatory view of a region which requires 
the correction at the corner portion of the light guide plate . 
In the drawing, a region depicted by a dotted line indicates 
20 a region which requires the correction and is formed by 
synthesizing the above-mentioned region 2 and 5. 

The region which requires such a correction gives rise 
to following tasks to be solved when compared with the 
brightness correction performed only with grooves which is 
25 explained in conjunction with the first to fourth embodiments 
of the invention. 

Fig. 17 is a schematic view which shows the relationship 
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between the brightness correction effected by parallel grooves 
and the region shown in Fig. 16 which requires the correction. 
As shown in Fig. 17, to compare the correction region effected 
by the parallel grooves (here, V-shaped grooves) and the region 
5 shown in Fig. 16 which requires the correction, it is understood 
that there exist a portion where the correction is excessive 
and a portion where the correction is in short . In the drawing, 
the portion which is drawn with an rightwardly lowering 
hatching indicates the portion where the correction is 
Q10 excessive and the portion which is drawn with dots indicates 
J5 the portion where the correction is in short. 
□ Based on the result of the above-mentioned analysis. 

Of! the second means of the invention adopts the constitution which 

\ y 

5 is explained in a following embodiment. 

Sjl5 Fig. 18 is a plan view of a corner portion of a light 

m 

j* guide plate which constitutes a backlight for explaining the 
72 fifth embodiment of the invention. In this embodiment, V- 
shaped grooves are formed at an end of the corner portion of 
the light guide plate GLB and fine dots area added to the region 
20 which requires the correction shown in Fig. 16 so as to form 
a composite light emission control pattern. 

These fine dots can be formed by processing grooves 
similar to those of the first means on a given portion of a 
stamper which produces the light guide plate by means of cutting 
25 or the like and further by processing fine dots on the surface 
of the groove forming region. Alternatively, these fine dots 
can by realized by performing the surface roughening treatment 
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by sand blast processing or a sandpaper on the groove forming 
region after processing the grooves. Further, these fine dots 
can be realized by forming the grooves on the light guide plate 
and thereafter performing the surface roughening treatment on 
the light guide plate by sandblasting or a sand paper. Here, 
a portion or the whole of the fine dots may be overlapped to 
the groove portion. 

These grooves are not limited to V-shaped grooves and 
may be flat -bottomed grooves or curved surface grooves or may 
take any other suitable shape as has been explained in the 
above-mentioned first to fourth embodiments. Further, as 
shown in Fig. 1, it may be possible to form other grooves which 
differ in length (or depth) between the grooves. The same goes 
for embodiments described hereinafter. 

The above-mentioned composite light emission control 
pattern can be used along with the light guide plate to which 
the dot printing (printing dot pattern) or the irregular 
(granulated pattern) treatment which have been known 
conventionally is applied. 

Due to such a constitution, the distribution of light 
quantity emitted from the light guide plate can be made more 
uniform so that the occurrence of brightness irregularity in 
a plane (display irregularity) of the liquid crystal panel can 
be suppressed. 

Fig. 19 is a plan view of a corner portion of a light 
guide plate which constitutes a backlight for explaining a 
sixth embodiment of the invention. In this embodiment, a 
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composite light emission control pattern is formed by combining 
fan- shaped grooves constituting of a plurality of grooves which 
are explained in conjunction with the above-mentioned Fig. 7A 
to Fig, 7C and fine dots, A correction region formed of the 
5 fine dots is overlapped with a correction region f ormed of the 
fan-shaped grooves (V-shaped grooves in the drawing) . 

That is, the center CEN of the fan-shaped grooves is 
positioned outside an end of the corner portion of the light 
guide plate GLB. The center CEN of the fan- shaped grooves is 
OlO determined as an intersecting point of at least two virtual 
y3 extensions which are performed by extending a plurality of 

i 

□ grooves which constitute this fan- shape toward the outside of 
00 

Ori the corner portion of the light guide plate GLB. 

ru 

g Here, as means to narrow the distance between the 

□ 

%jl5 grooves at the end of the corner portion formed on an upper 

ru 

surface of the light guide plate GLB, grooves which differ in 

n 

^ depth may be formed in the vicinity of the end of the corner 
portion of the light guide plate GLB. 

The composite light emission control pattern can be used 
20 along with the light guide plate to which the dot printing 
(printing dot pattern) or the irregular (granulated pattern) 
treatment which have been known conventionally is applied. 

Due to this embodiment, the distribution of light 
quantity emitted from the light guide plate can be made more 
25 uniform so that the occurrence of brightness irregularity in 
a plane (display irregularity) of the liquid crystal panel can 
be suppressed. 
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Fig, 20 is a plan view of a corner portion of a light 
guide plate constituting a backlight for explaining the seventh 
embodiment of the invention. In this embodiment, without 
5 overlapping grooves on a whole surface of a correction region 
formed of fine dots, a boundary between a correction region 
formed of fan -shaped grooves (V-shaped grooves in the drawing) 
and other portion is blurred so as to decrease the brightness 
difference. Here, it is desirable to perform the brightness 
QlO control by overlapping a portion or the whole surface of the 

y3 correction region formed of the fine dots to the groove forming 

Ms 

□ region. 

as 

m. Fig. 21 is a plan view of a corner portion of a light 

rU 

s guide plate constituting a backlight for explaining a 

Hjl5 modification of the seventh embodiment of the invention. 

nil 

|p According to this modification, in the constitution of Fig. 

20 where the fan -shaped grooves (V-shaped grooves in the 
drawing) are not overlapped with a whole surface of a correction 
region formed of fine dots so as to blur the brightness 
20 difference of the correction region, a major portion of the 
fan-shaped groove in Fig. 20 is provided to an end of the corner 
portion of the light guide plate GLB thus enlarging the 
correction region formed of the fine dots. 

In this embodiment, the brightness correction of the 
25 corner portion of the light guide plate GLB is performed by 
controlling a formation quantity (density, size and the like) 
of the fine dots and hence, the brightness difference at the 
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region of the corner portion where the correction is necessary 
can be decreased. 

Due to this embodiment also, the distribution of light 
quantity emitted from the light guide plate can be made more 
5 uniform so that the occurrence of brightness irregularity in 
a plane (display irregularity) of the liquid crystal panel can 
be suppressed. 

Subsequently, other constitutional examples of the 
liquid crystal display device to which the above-mentioned 

OlO embodiments of the invention are applied are explained in 

HP 

J3 conjunction with Fig. 22 to Fig. 25. 

Ms 

□ Fig. 22 is a developed perspective view for explaining 

OB 

31 an overall constitutional example of the liquid crystal display 

1 U 

5 device according to the invention. This drawing is provided 

^jl5 for explaining a specific structure in which a liquid crystal 

ftj 

j| panel PNL and a light guide plate GLB which constitutes a 

2 backlight are sandwiched between a metal frame (metal-made 
shield casing) SHD and a mold casing (lower casing) MCA and 
these parts are integrated to form a module: MDL . This liquid 

20 crystal panel is of a thin film transistor type. 

In the drawing, WD indicates a display window, INS 1-3 
indicate insulation sheets, PCB 1-3 indicate circuit boards 
(PCB 1 being a drain- side circuit board: a drive circuit board 
of an image signal wiring, PCB 2 being a gate- side circuit 

25 board: a drive circuit board of a scanning electrode wiring, 
PCB 3 being an interface circuit board) , JN 1-3 indicate joiners 
for electrically connecting circuit boards PCB 1-3, CH 11 
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indicates an image signal electrode drive circuit which is 
directly mounted on a thin film transistor substrate, CH 12 
indicates a scanning electrode drive circuit which is directly 
mounted on the substrate in the same manner, PNL indicates a 
5 liquid crystal panel, GC indicates a rubber cushion, ILS 
indicates a light shielding spacer* PRS indicates a prism 
sheet, SPS indicates a diffusion sheet, GLB indicates a light 
guide plate, RFS indicates a reflection sheet, MCA indicates 
a lower casing (mold frame) which is formed by integral molding, 
QlO MO is an opening of the MCA, LP indicates a linear lamp 
J3 (cold-cathode fluorescent lamp), LPC indicates a lamp cable, 

p GB indicates a rubber bushing for supporting the linear lamp 

g=i LP, BAT indicates a W- surface adhesive tape, BL indicates a 

ry 

3 backlight BL constituting of the light guide plate, the linear 

□ 

sjl5 lamp and the like. The liquid crystal display module MDL is 

ry 

~ assembled by laminating diffusion plate members in the 
™ arrangement relationship shown in the drawing. 

The liquid crystal display module MDL includes two kinds 
of accommodating/holding members consisting of the lower 
20 casing MCA and the shielding casing SHD. The metal-made shield 
casing SHD which accommodates and fixes the insulation sheets 
INS 1-3, the circuit boards PCB 1-3 and the liquid crystal panel 
PNL and the lower casing MCA which accommodates the backlight 
BL consisting of the linear lamp LP, the light guide plate GLB, 
25 the prism sheet PRS and the like are integrally merged. 

On the interface circuit board PCB 3, an integrated 
circuit chip which receives video signals from an external host 
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computer and receives control signals such as timing signals 
or the like and a timing converter TCON which generates clock 
signals by processing timing, and the like are mounted. 

In Fig. 22, although a so-called COG method in which 
the drive circuits (integrated circuits CH 1, CH 2) of the 
liquid crystal panel are directly mounted on the thin film 
transistor substrate is explained, the invention is not limited 
to the liquid crystal panel of this mounting method and is 
applicable in the same manner to a conventional method which 
mounts using a TCP (Tape Carrier Package) . 

Fig. 23 is a cross -sectional view of an essential part 
for explaining a backlight mounting structure of a liquid 
crystal display device according to the invention. The liquid 
crystal display device is constituted by laminating and fixing 
the liquid crystal panel PNL, the light guide plate GLB, the 
metal frame SHD and the mold casing MCA. 

Polarizers are adhered to both surfaces of the liquid 
crystal panel PNL and an optical sheet SPS/PRS consisting of 
the diffusion sheet and the prism sheet is inserted between 
the liquid crystal panel PNL and the light guide plate GLB. 

The light guide plate GLB is held by the mold casing MCA and 
the reflection sheet RFS is mounted on the rear surface of the 
light guide plate GLB. 

Although the lamp reflection sheet LS and the reflection 
sheet RFS are provided as separate parts in the above-mentioned 
Fig. 22, in the structure shown in the Fig. 23, the reflection 
sheet RFS is bent to a lower surface of the linear lamp LP and 



a side surface opposite to the light guide plate GLB so that 
the reflection sheet RFS also has a function as a lamp 
reflection plate of the linear lamp LP. A reflection sheet 
RFSS is provided above the linear lamp LP as a separate part . 

A lamp cable LPC is pulled around in a groove formed 
in the mold casing MCA and is pulled out to the outside together 
with a lamp cable at the high voltage side. 

A flexible printed board FPC 2 is bent from a drive IC 
which is mounted on the liquid crystal panel PNL to the rear 
surface of the mold casing MCA and is fixedly secured in the 
above-mentioned structure. Then, a ground pad thereof is 
grounded to the metal flame SHD through a conductive foil GNDP. 

Fig. 24 is an appearance view showing an example of a 
notebook type personal computer on which the liquid crystal 
display device of the invention is mounted. A liquid crystal 
panel which constitutes the liquid crystal display device to 
be mounted on a display part of the notebook type personal 
computer is provided with a linear lamp LP along a lower side 
thereof . 

Fig. 25 is an appearance view showing an example of a 
desktop type personal computer on which the liquid crystal 
display device of the invention is mounted. A liquid crystal 
panel which constitutes the liquid crystal display device to 
be mounted on a display part of the monitor is provided with 
a linear lamp LP along an upper side thereof . 

It is needless to say that the liquid crystal display 
device according to the invention can be used as a display 
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device of the notebook type personal computer, the desktop type 
monitor and other equipment shown in Figs. 24 and 25. 

The invention is not only applicable to a chip-on-glass 
type liquid crystal display device which directly mounts drive 
5 ICs on one substrate of the liquid crystal panel but also 
applicable to a liquid crystal display device which uses a 
liquid crystal panel adopting a TCP for mounting drive ICs 
( integrated circuit chips ) or a liquid crystal panel of a simple 
matrix type. 

□10 As has been explained heretofore, according to the 

y3 invention, the occurrence of the display irregularity which 
p is caused by the reduction in picture frame of the liquid 
M crystal panel which constitutes the liquid crystal display 

fu 

3 device can be effectively prevented so that the liquid crystal 

Sjl5 device which has the least brightness irregularity, is capable 

^ of performing the high quality image display and exhibits the 

T- 

■=SS5. 

ff high reliability can be provided. 

While we have shown and described several embodiments 
in accordance with the invention, it is understood that the 
20 same is not limited thereto but is susceptible of numerous 
changes and modifications as known to those skilled in the art, 
and we therefore do not wish to be limited to the details shown 
and described herein but intend to cover all such changes and 
modifications as are encompassed by the scope of the appended 
25 claims. 
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